Searching PA J — 1/2 ^—v 



PATENT ABSTRACTS OF JAPAN 



(1 DPublication number : 09-104987 
(43)Date of publication of application : 22.04.1997 



(51)Int.CI. 


C23C 30/00 




C23C 4/06 




G23C 14/06 




C23C 16/06 



(21 )Application number : 07-258640 (71 )Applicant : TOSHIBA CORP 

(22)Date of filing : 05.1 0.1 995 (72)Inventor : SUENAGA SEIICHI 

YASUDA KAZUHIRO 
WADA KUNIHIKO 
INAGAKI HIROTAKA 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To satisfactorily 
suppress the transfer of elements between a 
substrate and a metallic coating layer over a 
long time, to improve the adhesion of layers and 
to suppress peeling at the interface. 
SOLUTION: An M-Cr-AKY alloy layer 3 (M is Ni, 
Co or Fe) is formed by coating on the surface of 
a substrate 1 made of an ally based on at least 
one selected from among Ni, Co and Fe with a 
diffusion barrier layer 2 in-between to obtain the 
objective heat resistant member. The diffusion 
barrier layer has a composition containing at 
least one kind of metal selected from among Ti, 
Zr, Hf, V, Ta and Nb as a base and has a metallic 
layer contg. at least one of O and N allowed to 
enter into a solid soln. or it is made of a material 

contg. an Ma(Al-xBx)1-a phase (M is Ni, Co or Fe, A is Al, Ti, Nb or Ta, B is Cr, 
Mo, W, Hf, Re or Y, 0.3<a<0.8 and 0<x<0.5) deposited in a matrix phase based on 
at least one kind of element selected from among Ni, Co and Fe. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is as being chosen out of nickel, Co, and Fe that it is few. The base material which 
consists of an alloy which uses one sort of elements as a principal component, Covering formation 
was carried out through the diffusion barrier layer on said base material front face. In the heat- 
resistant member possessing a M-Cr-aluminum-Y alloy layer (however, it is indicated with M being 
chosen from nickel, Co, and Fe that a 1 sort element is few) Said diffusion barrier layer is as being 
chosen out of Ti, Zr, Hf, and V, Ta and Nb as it is few. It is as using one sort of metals as a principal 
component, and being chosen out of oxygen and nitrogen that it is few. Heat-resistant member 
characterized by having the metal layer in which one sort dissolved. 

[Claim 2] It is as being chosen out of nickel, Co, and Fe that it is few. The base material which 
consists of an alloy which uses one sort of elements as a principal component, Covering formation 
was carried out through the diffiision barrier layer on said base material front face. In the heat- 
resistant member possessing a M-Cr-aluminum-Y alloy layer (however, it is indicated with M being 
chosen from nickel, Co, and Fe that a 1 sort element is few) Said diffusion barrier layer is as being 
chosen out of Ti, Zr, Hf, and V, Ta and Nb as it is few. One sort of elements, and nickel. It is as 
being chosen out of Co and Fe that it is few. It is as using an alloy with one sort of elements as a 
principal component, and being chosen out of oxygen and nitrogen that it is few. Heat-resistant 
member characterized by having the metal layer in which one sort dissolved. 
[Claim 3] It is as being chosen out of nickel, Co, and Fe that it is few. The base material which 
consists of an alloy which uses one sort of elements as a principal component, Covering formation 
was carried out through the diffusion barrier layer on said base material front face. In the heat- 
resistant member possessing a M-Cr-aluminum-Y alloy layer (however, it is indicated with M being 
chosen from nickel, Co, and Fe that a 1 sort element is few) Said diffusion barrier layer is as being 
chosen out of nickel, Co, and Fe as it is few. In the matrix phase used as a principal component, one 
sort of elements a Mal(Al-x Bx)-a phase (however, M — nickel — ) It is as being chosen out of Co 
and Fe that it is few. A one sort of elements aluminum, It is as being chosen out of Ti, Nb, and Ta 
that it is few. B one sort of elements Cr, Mo, and W, Hf and Re — and — it is chosen out of Y ~ at 
least — One sort of elements are shown, a — and — x 0.3 <= a<= — 0.8 and 0<=x<0.5 — it is — from 
the depositing ingredient — becoming ~ and the above Heat-resistant member characterized by there 
being more amounts of deposits (rate of the volume) of a Mal(Al-xBx)-a phase than the rate of the 
volume of the deposit phase in said base material. 

[Claim 4] In claim 1 and a heat-resistant member according to claim 2 or 3, it describes above 
ftirther. Heat-resistant member characterized by having the ceramic layer by which covering 
formation was carried out on a M-Cr-aluminum-Y alloy layer front face. 

[Claim 5] It is as being chosen out of nickel, Co, and Fe that it is few. On the base material front face 
which consists of an alloy used as a principal component, one sort of elements It is as being chosen 
out of Ti, Zr, Hf, and V, Ta and Nb that it is few. Oxygen tension or a nitrogen partial pressure the 
metal layer containing one sort of elements The process which forms membranes in the ambient 
atmosphere of 0.1 - 1x104 Pa, The manufacture approach of the heat-resistant member characterized 
by having the process which forms a M-Cr-aluminum-Y alloy layer (however, it is indicated with M 
being chosen from nickel, Co, and Fe that a 1 sort element is few) in the reduced pressure ambient 
atmosphere below 1x104 Pa on said metal layer. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the heat-resistant member suitable like the 
component of the ** and the stationary blade of a gas turbine for the ingredient with which the high 
temperature strength of long duration, oxidation resistance, and corrosion resistance are demanded 
under hot environments, and its manufacture approach. 
[0002] 

[Description of the Prior Art] The property of a high level, for example, high temperature strength, 
elevated-temperature anticorrosion, oxidation resistance, etc. are further demanded of the ingredient 
used for configuration components with elevated-temperature-izing of the device service temperature 
which aimed at efficient-ization of the elevated-temperature device represented by the gas turbine for 
the object for a generation of electrical energy, or engines. For this reason, the technique of 
performing anticorrosion and anti-oxidation metal coating which consists of M-Cr-alimiinum-Y 
alloys (M==nickel, Co, Fe, etc.) etc. is developed, and it is already widely applied to the front face of 
the superalloy base material of nickel radical of high intensity, or Co radical as an indispensable 
technique in **, the stationary blade, etc. of a gas turbine. Moreover, in the flow of the further 
elevated-temperature-izing, the front face of anticorrosion and an anti-oxidation metal coating layer 
is coated with a ceramic layer with the low heat conductivity, and the thermal-barrier-coating 
technique which protects an inside metaUic material is also being put in practical use. 
[0003] By the way, since it has mainly been carried out from a viewpoint the corrosion resistance 
which is the original purpose, and oxidation-resistant, ingredient development of the conventional 
metal coating is the alloy base material of nickel radical or Co radical. Ingredient presentations with 
the metal coating layer which consists of a M-Cr-aluminum-Y alloy will differ remarkably, and 
element migration will produce them in the base material / metal coating layer interface which 
touches the bottom of operation of the gas turbine of long duration etc. directly as the result. 
Protection nature oxide layer formation elements, such as aluminum and Cr, were drained from the 
metal coating layer with this element migration, the anticorrosion and the oxidation resistance of a 
metal coating layer fall, or the problem of high temperature strength faUing by generation of the 
different-species phase inside a base material is caused. 

[0004] In order to solve the problem accompanying the element migration by the base material / 
metal coating layer interface which was mentioned above, forming the diffusion barrier layer which 
controls element diffusion between a base material and a metal coating layer is examined. 
Conventionally, as such a diffusion barrier layer, although to form the oxide layer which uses small 
aluminum and small Ti of a diffusion coefficient of an element in the interior as a principal 
component, a nitride layer, an acid nitride layer, etc. using the membrane formation approaches, such 
as a CVD method, is tried, the problem that the adhesion in the interface of a diffusion barrier layer 
and a base material or the interface of a diffusion barrier layer and a metal coating layer is bad, and 
exfoliation tends to take place by these interfaces has arisen. The exfoliation by this interface is the 
life fall factor of a heat-resistant member. 
[0005] 

[Problem(s) to be Solved by the Invention] Although to form a diffusion barrier layer is tried in order 
to solve the problem accompanying the element migration by the base material / metal coating layer 
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interface in the heat-resistant member which appUed metal coating, and also the heat-resistant 
member which gave thermal barrier coating as mentioned above It had the problem of the diffusion 
barrier layer which carried out direct covering formation of conventional oxide, a nitride, the acid 
nitride, etc. having bad adhesion with a base material metallurgy group coating layer, and exfoliation 
having arisen from these interfaces and reducing a member life. 

[0006] While making it possible to fully control degradation accompanying the element migration by 
the base material / metal coating layer interface in the conventional refractory coating member from 
such a thing, to raise the adhesion of the diffusion barrier layer itself was made into the technical 
problem. 

[0007] This invention was made in order to cope with such a technical problem, it raises the 
adhesion between each class, controls interfacial peeling, and aims at offering the heat-resistant 
member which attained reinforcement while it meikes it possible to fiiUy control the element 
migration between a base material / metal coating layer over long duration. 

[0008] 

[Means for Solving the Problem] the 1st heat-resistant member in this invention is chosen from 
nickel, Co, and Fe, as indicated to claim 1 — at least — M-Cr-aluminum-Y alloy layer Covering 
formation was carried out through the diffusion barrier layer on the base material which consists of 
an alloy which uses one sort of elements as a principal component, and said base material front face. 

(however, M is chosen from nickel, Co, and Fe — at least one sort of elements are shown.) the 

following — being the same — the heat-resistant member to provide — setting — said diffrision barrier 
layer — Ti — It is as being chosen out of Zr, Hf, and V, Ta and Nb that it is few. It is as using one sort 
of metals as a principal component, and being chosen out of oxygen and nitrogen that it is few. As 
indicated to having the metal layer in which one sort dissolved, or claim 2 Said diffusion barrier 
layer is as being chosen out of Ti, Zr, Hf, and V, Ta and Nb as it is few. One sort of elements, and 
nickel. It is as being chosen out of Co and Fe that it is few. It is as using an alloy with one sort of 
elements as a principal component, and being chosen out of oxygen and nitrogen that it is few. It is 
characterized by having the metal layer in which one sort dissolved, 

[0009] The 2nd heat-resistant member in this invention is as being chosen out of nickel, Co, and Fe 
as indicated to claim 3 as it is few. The base material which consists of an alloy which uses one sort 
of elements as a principal component, Covering formation was carried out through the diffusion 
barrier layer on said base material front face. In the heat-resistant member possessing a M-Cr- 
aluminum-Y alloy layer said diffrision barrier layer It is as being chosen out of nickel, Co, and Fe 
that it is few. In the matrix phase used as a principal component, one sort of elements a Mal(Al-x 
Bx)-a phase (however, M ~ nickel — ) It is as being chosen out of Co and Fe that it is few. A one sort 
of elements aluminum. It is as being chosen out of Ti, Nb, and Ta that it is few. B one sort of 
elements Cr, Mo, and W, Hf and Re ~ and — it is chosen out of Y ~ at least — One sort of elements 
are shown, a ~ and — x ~ 0.3 <= a<== — 0.8 and 0<=x<0.5 — it is — from the depositing ingredient — 
becoming — and the above It is characterized by there being more amounts of deposits (rate of the 
volume) of a Mal(Al-x Bx)-a phase than the rate of the volume of the deposit phase in said base 
material. 

[0010] The heat-resistant member of this invention is fiirther described above, as indicated to claim 
4. You may have the ceramic layer by which covering formation was carried out on the M-Cr- 
aluminum-Y alloy layer front face. 

[001 1] Moreover, as indicated to claim 5, the manufacture approach of the heat-resistant member of 
this invention It is as being chosen out of nickel, Co, and Fe that it is few. On the base material front 
face which consists of an alloy used as a principal component, one sort of elements It is as being 
chosen out of Ti, Zr, Hf, and V, Ta and Nb that it is few. Oxygen tension or a nitrogen partial 
pressure the metal layer containing one sort of elements The process which forms membranes in the 
ambient atmosphere of 0.1 - 1x104 Pa, On said metal layer M-Cr-aluminum-Y alloy layer It is 
characterized by having the process which forms membranes in the reduced pressure ambient 
atmosphere below 1x104 Pa. 

[0012] It is that it is few as a diffusion barrier layer is chosen from Ti, Zr, Hf, and V, Ta and Nb in 
the 1st heat-resistant member of this invention. It is as being chosen out of one sort of metals or 
these, and nickel, Co and Fe that it is few. It has the metal layer which uses an alloy with one sort of 
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elements as a principal component. The metal layer which many alloys of these, nickel, Co, Fe, etc., 
etc. can dissolve oxygen and nitrogen, and dissolve this oxygen and nitrogen is a base material since 
the diffusion coefficient of elements, such as aluminum in that interior, is small. It functions as a 
diffusion barrier layer with a M-Cr-aluminum-Y alloy layer. [ metals, such as Ti, Zr, Hf, and V Ta, 
Nb, ] Moreover, oxygen and nitrogen which dissolve in a metal layer when it heat-treats in the 
above-mentioned metal layer or a metal layer receives heat at the time of real use aluminum in a M- 
Cr-aluminum-Y alloy layer etc. reacts, and it is a metal layer. Oxides and nitrides, such as aluminum, 
generate to an interface with a M-Cr-aluminum-Y alloy layer. From the diffusion coefficient of the 
element in the interior being small, the function of nitrides [, such as these aluminum, / oxide or 
nitrides ] as a diffusion barrier layer improves further. 

[0013] And since it is the layer which essentially has metallic physical properties, the metal layer 
which functions as a diffusion barrier layer is a base material. Since these are the resultants in an 
interface even if the adhesion which was excellent to the M-Cr-aluminum-Y alloy layer is shovm and 
it generates oxides and nitrides, such as aluminum, to an interface, it is a metal layer. It seems that 
adhesion with a M-Cr-aluminum-Y alloy layer is not reduced. Therefore, the exfoliation from a 
diffusion barrier layer interface etc. can be prevented effectively. 

[0014] Even if it uses a heat-resistant member by these under conditions which are exposed to long 
duration hot environments, it is the fall of the high temperature strength of a base material by the 
above-mentioned diffusion barrier layer. Since the exfoliation accompanying having made the 
diffusion barrier layer intervene etc. can be prevented while being able to prevent the anticorrosion 
of a M-Cr-aluminum-Y alloy layer, an oxidation-resistant fall, etc., it becomes possible to use a heat- 
resistant member for stability for a long period of time. 

[0015] Moreover, according to the manufacture approach of the heat-resistant member of this 
invention, the 1st heat-resistant member mentioned above is stabilized, and it can produce with 
sufficient repeatability. 

[0016] It is as being chosen as a diffusion barrier layer out of nickel, Co, and Fe in the 2nd heat- 
resistant member of this invention that it is few. To the inside of the matrix phase which uses one 
sort of elements as a principal component Mal(Al-x Bx)-a The ingredient with which the phase 
deposited is used. Since migration length of an element can be lengthened according to the diffusion 
suppression effectiveness in the interface of a matrix phase and a sludge phase (Mal(Al-x Bx)-a 
phase), this diffusion barrier layer is a base material. It becomes possible to control the element 
migration between M-Cr-aluminum-Y alloy layers. Moreover, since it has the metal matrix phase, a 
diffusion barrier layer is a base material. The adhesion which was excellent to the M-Cr-aluminum- 
Y alloy layer is shown. Therefore, even if it uses a heat-resistant member under conditions which are 
exposed to long duration hot environments, it is the fall of the high temperature strength of a base 
material. Since the exfoliation accompanying having made the diffusion barrier layer intervene etc. 
can be prevented while being able to prevent the anticorrosion of a M-Cr-aluminum-Y alloy layer, an 
oxidation-resistant fall, etc., it becomes possible to use a heat-resistant member for stability for a 
long period of time. 
[0017] 

[Embodiment of the Invention] Hereafter, the gestalt for carrying out this invention is explained. 
[0018] Drawin g 1 is the sectional view showing the operation gestalt of the 1st heat-resistant 
member of this invention, in this drawing, 1 is a metal base and is chosen from nickel, Co, and Fe as 
this metal base 1 — at least — the heat-resistant alloy used as a principal component uses one sort of 
elements — having — a use application etc. — responding — various kinds — a well-known heat- 
resistant alloy can be used, choosing it suitably. Practically, it is effective to use Co radical 
superalloy of nickel radical superalloy of IN738, IN738LC, IN939, Mar-M247, RENE80, CM-247, 
CMSX-2, and CMSX-4 grade, FSX-414, and Mar-M509 grade. 

[0019] On the above-mentioned metal base 1, the metal layer 2 which functions as a diffusion barrier 
layer is formed, and this metal layer 2 is minded. Covering formation of the M-Cr-aluminum-Y alloy 
layer 3 is carried out as anticorrosion and an anti-oxidation metal coating layer. The heat-resistant 
member 4 is constituted by these. 

[0020] The metal layer 2 formed as a diffusion barrier layer Ti, Zr, Hf, V, It is as being chosen out of 
Ta and Nb that it is few. One sort of metals, or Ti, it is chosen out of Zr, Hf, and V, Ta and Nb ~ at 
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least — it is chosen out of one sort of elements, and nickel, Co and Fe — at least — an alloy with one 
sort of elements is used as a principal component, and it is chosen as these out of oxygen and 
nitrogen — at least — It consists of a layer in which one sort dissolved. 

[0021] Here, many alloys of these, nickel, Co, Fe, etc., etc. can dissolve oxygen and nitrogen. 
[ metals, such as Ti, Zr, Hf, and V Ta, Nb, ] The metal layer 2 which dissolve such oxygen and 
nitrogen is with the metal base 1 since the diffusion coefficient of elements, such as aluminum, is 
small. It functions as a diffusion barrier layer with the M-Cr-alxmiinum-Y alloy layer 3, 
[0022] Thus, although metal layer 2 the very thing which dissolved mostly also functions as a 
diffusion barrier layer, oxygen and nitrogen Even if it heat-treats after metal layer 2 membrane 
formation or does not heat-treat, when the metal layer 2 receives heat at the time of real use Oxygen 
or nitrogen which dissolves in the above-mentioned metal layer 2 As aluminum in the M-Cr- 
aluminxmi-Y alloy layer 3 etc. reacts and it is shown in drawing 2 , it is with the metal layer 2 like. 
An oxide or nitrides (aluminum 203, AIN) 5, such as aluminum, generate to an interface with the M- 
Cr-aluminum-Y alloy layer 3. These aluminum 203 That is [ matter, such as AIN (5), has the small 
diffusion coefficient of the element in the matter and it can use effectively as a diffiision barrier 
layer ], many metal layers 2 which consist of a metal mentioned above or an alloy can dissolve 
oxygen and nitrogen. - It excelled in a way, and anticorrosion and oxidation resistance. The activity 
of aluminum element in an alloy is high to - **, and a M-Cr-aluminum-Y alloy is in aluminum 203 
and a nitriding ambient atmosphere in an oxidizing atmosphere. It is easy to generate AIN. 
Therefore, metal layer 2 which dissolve oxygen and nitrogen If the heat at the time of heat treatment 
or real use is received after the M-Cr-aluminum-Y alloy layer 3 has touched, they are the oxygen in 
the metal layer 2, or nitrogen, aluminum in the M-Cr-aluminum-Y alloy layer 3 etc. reacts, and an 
oxide or nitrides 5, such as aluminum, generate to an interface. 

[0023] Oxide or nitrides 5, such as these aluminum, are with a metal base 1, even if the diffusion 
coefficient in the interior is small, and it uses the heat-resistant member 4 under conditions which are 
exposed to hot environments for a long time, since it functions effectively as a diffusion barrier 
layer. The element migration between the M-Cr-aluminum-Y alloy layers 3 can be controlled. As the 
result, it is the fall of the high temperature strength of a metal base 1. The anticorrosion of the M-Cr- 
aluminum-Y alloy layer 3, an oxidation-resistant fall, etc. can be prevented, and it becomes possible 
to use the heat-resistant member 4 for stability for a long period of time. 
[0024] And the diffusion barrier layer of the former [ layer / 2 (oxide or nitrides 5, such as 
aluminum, are included) / which functions as a diffusion barrier layer mentioned above / metal ], 
namely, aluminum 203 etc. ~ fi-om — a greatly different point from what formed the becoming 
ceramic layer directly The metal layer 2 which functions as a diffusion barrier layer is a layer 
(metallic layer) which essentially has metallic physical properties, and in a metal base 1, it shows 
very good adhesion in order to form a metal/metallic bond. Moreover, metal layer 2 Even if it forms 
an oxide or nitrides 5, such as aluminum, in an interface with the M-Cr-aluminum-Y alloy layer 3, 
these are with the metal layer 2. Since it is a resultant in an interface with the M-Cr-aluminum-Y 
alloy layer 3, it is with the metal layer 2. It seems that it acts in the direction which raises the 
integrated state of the M-Cr-aluminum-Y alloy layer 3, and adhesion is not reduced. Therefore, the 
exfoliation from an interface with a diffusion barrier layer etc. can be prevented so that existence of a 
diffusion barrier layer cannot reduce the adhesion between each class of the heat-resistant member 4. 
The reinforcement of the heat-resistant member 4 is attained by this. 

[0025] Although especially the oxygen content or nitrogen content in the metal layer 2 which 
dissolves the oxygen mentioned above and nitrogen is not Umited, it must be the oxygen content or 
nitrogen content to which metal layer 2 the very thing can maintain metallic physical properties at 
least. Although it changes also with configuration elements of the metal layer 2 firom such a point, it 
is the oxygen content or nitrogen content of the metal layer 2. It is desirable that it is less than 
[ 40at% ]. The amount of oxygen or nitrogen volimie in the metal layer 2 When 40at% is exceeded, 
an oxide and a nitride generate in the metal layer 2, and there is a possibility that the metallic 
property of metal layer 2 original may fall. Moreover, metal layer 2 An oxide or nitrides 5, such as 
superfluous aluminum, generate to an interface with the M-Cr-aluminum-Y alloy layer 3, and there 
is a possibility that interfacial peeling etc. may arise. On the other hand, if there is not much little the 
amount of oxygen or nitrogen volume in the metal layer 2, while the function as a diffusion barrier 
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layer of metal layer 2 the very thing will fall, the amount of generation of oxides, such as aluminum 
in an interface, or a nitride 5 becomes inadequate. As for the oxygen content or nitrogen content of 
the metal layer 2, from such a point, it is desirable that it is more than 5at%. 

[0026] Moreover, especially the thickness of the metal layer 2 which dissolves oxygen and nitrogen 
is because of acquiring the good diffusion barrier effectiveness to stability, although not limited. 5 
micrometers It is 50 micrometers, when considering as the above is desirable and it prevents 
exfoliation of metal layer 2 the very thing etc. Considering as the following is desirable. 
[0027] The metal layer 2 is as being chosen out of Ti, Zr, Hf, and V, Ta and Nb as it is few. It is as 
being chosen as one sort of metal layers out of oxygen and nitrogen that it is few. Although the 
function as a fundamental diffusion barrier layer can be obtained as mentioned above by making one 
sort dissolve While controlling the element migration from a metal base 1 side, in order to raise 
adhesion with a metal base 1 etc. It is as being chosen out of Ti, Zr, Hf, and V, Ta and Nb that it is 
few. It is as being chosen out of one sort of elements, and nickel, Co and Fe that it is few. It is 
desirable to consider as an alloy layer with one sort of elements. The content of these nickel, Co, and 
Fe is 50at(s)% so that it may not have a bad influence on the amount of dissolution of the oxygen in 
the metal layer 2, or nitrogen. Considering as the following is desirable. Moreover, it is 10at(s)%, in 
order to be stabilized and to control the element migration from a metal base 1 side. It is desirable to 
make it contain above. 

[0028] The dissolving metal layer 2 is the following, and can make and form oxygen which was 
mentioned above, and nitrogen. 

[0029] That is, it is as being chosen as the front face of a metal base 1 out of Ti, Zr, Hf, and V, Ta 
and Nb that it is few. Oxygen tension or a nitrogen partial pressure the metal layer containing one 
sort of elements Membranes are formed in the ambient atmosphere of 0.1 - 1x104 Pa. Here, as the 
membrane formation approach, plasma metal spray methods, such as low pressure plasma spraying, 
epsilonB-PVD, the magnetron sputtering method, a CVD method, etc. are applicable. 
[0030] Here, a plasma metal spray method has a quick membrane formation rate, and it excels as an 
approach of forming a thick film. Since especially a low-pressure-plasma-spraying method can 
control superfluous oxidation reaction etc. while being able to form a precise layer, it is often used 
for membrane formation of a metal layer. For example, while applying such a low-pressure-plasma- 
spraying method, it is the oxygen tension or nitrogen partial pressure in a thermal-spraying ambient 
atmosphere. As range of 0.1 - 1x104 Pa It is as being chosen out of Ti, Zr, Hf, and V, Ta and Nb that 
it is few. One sort of simple substance metal layers. Or it is as being chosen out of Ti, Zr, Hf, and V, 
Ta and Nb that it is few. It is as being chosen out of one sort of elements, and nickel, Co and Fe that 
it is few. If an alloy layer with one sort of elements is formed The metal layer 2 in which oxygen and 
nitrogen which exist in an ambient atmosphere in a thermal-spraying process at a minute amount 
dissolve in a simple substance metal layer or an alloy layer, and dissolve oxygen and nitrogen can be 
obtained. In addition, it is the same when applying the method of forming membranes other than a 
plasma metal spray method. 

[003 1] The oxygen tension or nitrogen partial pressure at the time of metal layer 2 formation Oxygen 
or nitrogen cannot be made to fully dissolve that it is less than 0.1 Pa in the metal layer 2, but there is 
a possibility that the diffusion barrier effectiveness mentioned above may fall, and it is one side. If 
1x104 Pa is exceeded, oxidation and nitriding of metal layer 2 the very thing will take place, the 
metallic physical properties of the metal layer 2 deteriorate, and the adhesion of the metal layer 2 



[0032] The formation approach of the metal layer 2 which dissolves oxygen and nitrogen can form 
the metal layer 2 which dissolves oxygen or nitrogen which was mentioned above also by using the 
matter which carries out optimum dose content of oxygen or the nitrogen for the oxygen mentioned 
above or nitrogen not only at membrane formation in a minute amount **** ambient atmosphere but 
at a membrane formation raw material. 

[0033] M-Cr-aluminum-Y alloy layer 3 after forming the metal layer 2 which dissolves oxygen and 
nitrogen by approach which was described above Membranes are formed in the reduced pressure 
ambient atmosphere below 1x104 Pa. this — A low-pressure-plasma-spraying method, epsilonB- 
PVD, the magnetron sputtering method, a CVD method, etc. are applicable also to formation of the 
M-Cr-aluminum-Y alloy layer 3. The ambient atmosphere at the time of forming the M-Cr- 
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aluminum-Y alloy layer 3 If 1x104 Pa is exceeded, the adhesion of a cause and the M-Cr-aluminum- 
Y alloy layer 3 will fall [ oxidation etc. ] on metal layer 2 front face at the time of membrane 
formation, after [ moreover, ] forming the M-Cr-aluminum-Y alloy layer 3 — this — In forming an 
oxide or nitrides 5, such as aluminum, in the interface of the M-Cr-aluminum-Y alloy layer 3 and the 
metal layer 2 beforehand, it heat-treats at about 1000- 1500K temperature in the inert atmosphere of 
nitrogen, an argon, etc., and a reduced pressure ambient atmosphere. 

[0034] it mentioned above when the M-Cr-aluminum-Y alloy layer 3 obtains a function as the 
anticorrosion and oxidation-resistant coating of a metal base 1 — general — 0.1 - 20 % of the weight 
aluminum and 10 - 35 % of the weight Cr and 0.1-5 % of the weight the remainder is chosen from 
nickel, Co, and Fe including Y - at least ~ The alloy of the presentation which becomes substantial 
is used from one sort of M elements, moreover, application a M-Cr-aluminum-Y alloy — Ti, Nb, Hf, 
Zr, and Ta - and - it is chosen out of W — at least - One sort of alloying elements 5 % of the 
weight It is also possible to carry out minute amount addition in the following range. 
[0035] The metal layer 2 which dissolves oxygen and nitrogen in metal base 1 front face is minded. 
Although the member 4 covered with the M-Cr-aluminum-Y alloy layer 3 may be used as a heat- 
resistant member as it is, as shown in drawin g 3 depending on a use application Further On the M- 
Cr-aluminxmi-Y alloy layer 3, by using the ceramic layer 6 as a thermal-barrier-coating layer, 
covering formation can be carried out and the member 7 of such a configuration can also be used as 
a heat-resistant member. 

[0036] Although various ceramic ingredients, such as Si3 N 4, SiC, aluminum 203, Zr02, TiN, AIN, 
and sialon, can be used for the above-mentioned ceramic layer 6, it is from the lowness of thermal 
conductivity, the magnitude of a coefficient of thermal expansion, etc. Zr02 It is suitable, moreover, 
Zr02 As the stabilizing agent which inhibits a phase transformation Y2 O 3 most ~ desirable - 
especially - Y2 O 3 Partial stabilization included about 8% of the weight Zr02 The property which 
was most excellent synthetically is shown. In addition, the ceramic layer 6 is aluminum 203 formed 
by performing aluminum-ized processing of the aluminum packing method etc. You may be a layer 
etc. 

[0037] Next, the operation gestalt of the 2nd heat-resistant member of this invention is described 
with reference to drawing 4 and drawing 5 . Drawing 4 is the sectional view showing 1 operation 
gestalt of the 2nd heat-resistant member of this invention, and 1 1 is a metal base which consists of 
the same ingredient as the operation gestalt mentioned above. It is the same as that of the operation 
gestalt which the diffusion barrier layer 12 is formed on this metal base 11, and was mentioned 
above through this diffusion barrier layer 12. Covering formation of the M-Cr-aluminum-Y alloy 
layer 13 is carried out. The heat-resistant member 14 is constituted by these. 

[0038] The above-mentioned diffusion barrier layer 12 is as being chosen out of nickel, Co, and Fe 
as it is few. In the matrix phase used as a principal component, one sort of elements Mal(Al-x Bx)-a 
phase (as being chosen out of nickel, Co, and Fe, M a 1 sort element as it is few) A is as being 
chosen out of aluminum, Ti, Nb, and Ta as it is few. One sort of elements B - Cr, Mo, and W, Hf 
and Re — and — it is chosen out of Y — at least — one sort of elements are shown — a — and — x 0.3 
<= a<= — 0.8 and 0<=x<0.5 — it is — it consists of a depositing ingredient. 

[0039] Unlike the conventional diffusion barrier layer, this diffusion barrier layer 12 is with a metal 
base 1 1 by lengthening migration length of an element according to the diffusion suppression 
effectiveness in the interface of a matrix phase and a deposit phase (Mal(Al-x Bx)-a phase). The 
element migration between the M-Cr-aluminum-Y alloy layers 13 is controlled, Mal(Al-x Bx)-a 
Phase the value of a — the above — a stable deposit phase is not obtained as it is out of range. It is 
with a metal base 1 1 about such a diffusion barrier layer 12. Even if it uses the heat-resistant member 
14 under conditions which are exposed to hot environments for a long time by making it intervene 
between the M-Cr-aluminum-Y alloy layers 13, the element migration between a metal base 1 1 and 
the M-Cr-aluminum-Y alloy layer 13 can be controlled. Therefore, the fall of the high temperature 
strength of a metal base 1 1, the anticorrosion of the M-Cr-aluminum-Y alloy layer 13, an oxidation- 
resistant fall, etc. can be prevented, and reinforcement of the heat-resistant member 14 can be 
attained. 

[0040] Mal(Al-x Bx)-a in the diffusion barrier layer 12 in order to acquire the diffusion barrier 
effectiveness which was mentioned above It is needed that there are more amounts of deposits of a 
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phase (rate of the volume) than the rate of the volume of the deposit phase in a metal base 1 1 . 
Because, since the path of the element which diffuses the inside of a matrix phase becomes short and 
it becomes impossible to have an one or more-metal base diffused resistor when the rate of the 
volume of the deposit phase in the diffusion barrier layer 12 is lower than it in a metal base 1 1, it is 
because the function as a diffusion barrier layer 12 is not obtained. Usually, when a metal base 1 1 
consists of a nickel radical alloy, for example, the sludge of the nickelS aluminum equality of 50 - 60 
volume % is included, it thinks from this, and, as for the diffusion barrier layer 12, it is desirable that 
the deposit phase more than 50 volume % is included. Moreover, if the rate of the volume is close to 
100%, in order that a brittleness-mechanical property pecuUar to an intermetaUic-compound phase 
may actualize, it is the rate of the volume of a deposit phase. Considering as 90% or less is desirable. 

[0041] And since the diffusion barrier layer 12 mentioned above makes the metal phase the matrix, it 
does not have brittleness [ like the diffusion barrier layer which forms a metal/metallic bond, and 
shows very good adhesion, and consists of monolayers, such as conventional oxide, a nitride, and an 
acid nitride, ] whose metal base 1 is, either. Therefore, since the exfoliation accompanying having 
made the diffusion barrier layer 12 intervene etc. can be prevented in addition to the diffusion barrier 
effectiveness mentioned above, it becomes possible to use the heat-resistant member 14 for stability 
for a long period of time. 

[0042] As a matrix phase of the diffusion barrier layer 12 It is as being chosen out of nickel, Co, and 
Fe that it is few. One sort of elements are used as a principal component. It generates to this. Mai 
(Al-x Bx)-a The element according to a phase, that is, it is chosen out of aluminum, Ti, Nb, and Ta - 

- at least — one sort of elements, and the need — responding — Cr, Mo, and W, Hf and Re ~ and — it 
is chosen out of Y — at least — The solid solution to which one sort of elements dissolved is used. 
According to the amount of these dissolution element, and the amount of deposits of a Mai (Al-x 
Bx)-a phase, it is set up suitably. Thus, the matrix phase of the diffusion barrier layer 12 is as being 
chosen out of nickel, Co, and Fe as it is few. Although what is necesseiry is just the solid solution 
which uses one sort of elements as a principal component, it is desirable to use nickel as a principal 
component, if a metal base 1 is nickel radical alloy, and to use Co as a principal component fi-om a 
viewpoint which prevents generation of adjustment with a metal base 1 and the different-species 
phase in a metal base 1, if it is Co radical alloy. 

[0043] Moreover, a deposit phase is as being chosen out of nickel, Co, and Fe as it is few. One sort 
of elements (M element), and aluminum. It is as being chosen out of Ti, Nb, and Ta that it is few. Be 
[ what is necessary / just although one sort of elements (A element) are included by the 
predetermined ratio ] In using the matrix phase which uses nickel as a principal component, for 
example, nickelO.75 (aluminum, Ti, Nb) 0.25 (nickelS (aluminum, Ti, Nb)), IntermetaUic-compound 
phases, such as nickelO.5 aluminumO.5 (NiAl) and nickel0.25alxmiinum0.75 (NiA13), Moreover, 
when using the matrix phase which uses Co as a principal component, the intermetaUic-compound 
(CoAl) phase of CoO.5 aluminumO.5 etc. is desirable from points, such as thermal and chemical 
stability, in order [ moreover, ] to raise the stability of a deposit phase, or to disturb adjustment with 
a matrix phase and to raise the resistance over element diffiision — Cr, Mo, and W, Hf and Re — and 

— it is chosen out of Y — at least — One sort of elements (B element) can permute some A elements. 
However, B yuan quantum It is made not to exceed the quantum of A yuan. 

[0044] by the way, the M-Cr-aluminum-Y alloy layer 13 ~ general ~ a parent phase like [ when M 
element is nickel ] a NiAl phase — moreover — Also when M element is Co, a parent phase like a 
CoAl phase is mainly included. Therefore, when the deposit phase in the diffusion barrier layer 12 is 
a parent phase, it is the rate of the volume. It is more desirable than the rate of the volume in the M- 
Cr-aluminum-Y alloy layer 13 to make [ many ] it. By this, migration of aluminum from the M-Cr- 
aluminum-Y alloy layer 13 etc. can be controlled much more effectively. On the other hand, since 
the metal base 1 mainly contains gamma* phase of nickel3 aluminum equality, it is also effective to 
make the deposit phase in the diffusion barrier layer 12 into gamma* phase. That is, migration of 
aluminum from the M-Cr-aluminum-Y alloy layer 13 etc. can be effectively controlled by bringing 
the sludge presentation of the diffusion barrier layer 12 close to a metal base 1 1. 
[0045] Although especially the thickness of the diffusion barrier layer 12 mentioned above is not 
limited, in order that it may acquire the good diffusion barrier effectiveness to stability 1 micrometer 
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When considering as the above is desirable and it prevents exfoliation of diffusion barrier layer 12 
the very thing etc. 200 micrometers Considering as the following is desirable, moreover ~ the 
formation approach of the diffusion barrier layer 12 — a plasma metal spray method and HVOF — 
various membrane formation processes, such as law, PVD, and a C VD method, are applicable, and 
since a membrane formation rate and the width of face of ingredient selection are especially wide, a 
plasma metal spray method is effective. While the low-pressure-plasma-spraying method (vapor 
phase soldering) for performing a thermal-spraying process in a reduced pressure ambient 
atmosphere is desirable and being able to control the oxidation at the time of a process by this also in 
a plasma metal spray method, a precise enveloping layer can be formed. The same is said of the 
formation approach of the M-Cr-aluminum-Y alloy layer 13. The diffusion barrier layer 12 is 
minded for metal base 1 1 front face. Like [ although the member 14 covered with the M-Cr- 
aluminum-Y alloy layer 13 may be used as a heat-resistant member as it is ] the operation gestalt 
mentioned above, as shown in drawin g 5 depending on a use application Further On the M-Cr- 
aluminum-Y alloy layer 13, by using the ceramic layer 15 as a thermal-barrier-coating layer, 
covering formation can be carried out and the member 16 of such a configuration can also be used as 
a heat-resistant member. As for the configuration of the ceramic layer 15, it is desirable to suppose 
that it is the same as that of the operation gestalt mentioned above. 
[0046] 

[Example] Next, the concrete example of this invention is explained. 

[0047] To the front face of the round bar ingredient which consists of example 1 nickel radical 
superalloy CM-247, it is abbreviation. It is 10 micrometers in thickness by the low-pressure-plasma- 
spraying method in lOOPa reduced pressure atmospheric air. Ti layer was formed. The oxygen 
tension in the thermal-spraying ambient atmosphere in this case is about 25Pa. Subsequently, it is 
thickness within the same chamber. 150 micrometers The NiCoCrAlY layer (nickel-23%Co-17%Cr- 
12%aluminum-0.5%Y (% of the weight)) was formed, place which measured the amount of oxygen 
in the above-mentioned Ti layer 33at% ~ it was. 

[0048] Thus, it is all over Ar ambient atmosphere flimace to the obtained heat-resistant member. 
Heat treatment of 1000 hours was performed by 1273K. When the creep test was performed in the 
sample after this heat treatment under the stress of 250MPa(s) by 1 173K, fracture was not seen even 
if held for 100 hours. Moreover, when this sample was cut and cross-section observation was 
performed, they are Ti layer from a base material side, and aluminum 203. It existed in order of the 
layer and the NiCoCrAlY layer. 

[0049] Moreover, it is this presentation directly by the low-pressure-plasma-spraying method as an 
example of a comparison with this invention to the front face of the round bar ingredient which 
consists of nickel radical superalloy CM-247. In the sample which formed the NiCoCrAlY layer, it 
heat-treated on the same conditions as the above-mentioned example 1 . It fractured, when the creep 
test of the sample after this heat treatment was performed under the same conditions, and 80 hours 
passed. When this sample was cut and cross-section observation was performed, within the base 
material near the interface, disappearance of a strengthening phase (gamma' phase) was accepted and 
the brittle generation phase which consists of Cr-W further was observed. 

[0050] example 2nickel radical superalloy IN738 from ~ the front face of the becoming round bar 
ingredient — the inside of about lOPa reduced pressure atmospheric air — a low-pressure-plasma- 
spraying method ~ 15 micrometers in thickness The Ti-50at%nickel layer was formed. The oxygen 
tension in the thermal-spraying ambient atmosphere in this case is abbreviation. It is 2Pa. 
Subsequently, it is thickness within the same chamber. 100 micrometers CoNiCrAlY The layer (Co- 
32%nickel-21%Cr-8%aluminum-0.5%Y (% of the weight)) was formed, the above-mentioned Ti- 
50at% — place which measured the amount of oxygen in nickel layer 15at% — it was. 
[0051] Thus, 1 123K after heat-treating on the same conditions as an example 1 to the obtained heat- 
resistant member When the creep test was performed under the stress of 300MPa(s), fracture was not 
seen even if held for 100 hours. Moreover, when this sample was cut and cross-section observation 
was performed, it is from a base material side. A Ti-nickel-O layer and aluminum 203 It existed in 
order of the layer and the CoNiCrAlY layer. 

[0052] moreover ~ as the example of a comparison with this invention ~ nickel radical superalloy 
IN738 from — the front face of the becoming round bar ingredient — a low-pressure-plasma-spraying 
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method - direct — this presentation In the sample which formed the CoNiCrAlY layer, it heat-treated 
on the same conditions as the above-mentioned example 2. When the creep test of the sample after 
this heat treatment was performed under the same conditions, it fractured after 60-hour progress. 
When this sample was cut and cross-section observation was performed, within the base material 
near the interface, disappearance of a strengthening phase (gamma* phase) was accepted and the 
brittle generation phase which consists of Cr-W further was observed. 

[0053] To the front face of the round bar ingredient which consists of example 3nickel radical 
superalloy CM-247, it is 15 micrometers in thickness by the low-pressure-plasma-spraying method 
in about lOOOPa reduced pressure atmospheric air. The Ta-50at%nickel layer was formed. The 
oxygen tension in the thermal-spraying ambient atmosphere in this case is abbreviation. It is 200Pa. 
Subsequently, it is thickness within the same chamber. 120 micrometers The CoNiCrAlY layer (an 
example 2 and this presentation) was formed, the above-mentioned Ta-50at% — place which 
measured the amount of oxygen in nickel layer 10at% — it was, 

[0054] Thus, 1 173K after heat-treating on the same conditions as an example 1 to the obtained heat- 
resistant member When the creep test was performed under the stress of 250MPa(s), fracture was not 
seen even if held for 100 hours. Moreover, when this sample was cut and cross-section observation 
was performed, it is from a base material side. A Ta-nickel layer and alxmiinum 203 It existed in 
order of the layer and the CoNiCrAlY layer. 

[0055] Moreover, it is this presentation directly by the low-pressure-plasma-spraying method as an 
example of a comparison with this invention to the front face of the round bar ingredient which 
consists of nickel radical superalloy CM-247. In the sample which formed the CoNiCrAlY layer, it 
heat-treated on the same conditions as the above-mentioned example 3. When the creep test of the 
sample after this heat treatment was performed under the same conditions, it fractured after 8 5 -hour 
progress. When this sample was cut and cross-section observation was performed, disappearance of 
a strengthening phase (gamma' phase) was accepted within the base material near the interface. 
[0056] example 4Co radical superalloy FSX-414 from - the front face of the becoming round bar 
ingredient — the inside of about 50Pa reduced pressure atmospheric air — a low-pressure-plasma- 
spraying method - 15 micrometers in thickness The Nb-50at%Co layer was formed. The oxygen 
tension in the thermal-spraying ambient atmosphere in this case is abbreviation. It is 5Pa. 
Subsequently, it is thickness within the same chamber. 100 micrometers CoNiCrAlY The layer (an 
example 2 and this presentation) was formed, the above-mentioned Nb-50at% — the place which 
measured the amount of oxygen in Co layer — 5at% — it was. 

[0057] Thus, 1023K after heat-treating on the same conditions as an example 1 to the obtained heat- 
resistant member When the creep test was performed under the stress of 200MPa(s), fracture was not 
seen even if held for 100 hours. Moreover, when this sample was cut and cross-section observation 
was performed, it is from a base material side. Nb-Co layer, aluminum2 03 It existed in order of the 
layer and the CoNiCrAlY layer. 

[0058] moreover — as the example of a comparison with this invention - Co radical superalloy FSX- 
414 from - the front face of the becoming round bar ingredient — a low-pressure-plasma-spraying 
method ~ direct — this presentation In the sample which formed the CoNiCrAlY layer, it heat-treated 
on the same conditions as the above-mentioned example 4. When the creep test of the sample after 
this heat treatment was performed under the same conditions, it fractured after 50-hour progress. 
When this sample was cut and cross-section observation was performed, disappearance of a 
strengthening phase (gamma' phase) was accepted within the base material near the interface. 
[0059] To the front face of the round bar ingredient which consists of example 5nickel radical 
superalloy CM-247, it is abbreviation. It is thickness by EB-PVD in a 1 Pa oxygen ambient 
atmosphere. 5 micrometers The Zr-Nb layer was formed. Subsequently, it is thickness within the 
same chamber. 130 micrometers The NiCoCrAlY layer (an example 1 and this presentation) was 
formed, and the metallic-coating layer was formed. Furthermore on it, it is EB-PVD. Y2 O 3 
Stabilization Zr02 Layer 200 micrometers It formed by thickness. Above Place which measured the 
amount of oxygen in a Zr-Nb layer It was 20at%. 

[0060] Thus, 1 173K after heat-treating on the same conditions as an example 1 to the obtained heat- 
resistant member When the creep test was performed under the stress of 250MPa(s), fracture was not 
seen even if held for 100 hours. Moreover, when this sample was cut and cross-section observation 
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was performed, it is from a base material side. Zr-Nb layer, aluminum! 03 It existed in order of the 
layer and the NiCoCrAlY layer. 

[0061] Moreover, it is this presentation directly by EB-PVD as an example of a comparison with this 
invention to the front face of the round bar ingredient which consists of nickel radical superalloy 
CM-247. A NiCoCrAlY layer is formed and it is on it fiirther. Y2 03 Stabilization Zr02 In the 
sample in which the layer was formed, it heat-treated on the same conditions as the above-mentioned 
example 5. When the creep test of the sample after this heat treatment was performed under the same 
conditions, it fractured after 90-hour progress. When this sample was cut and cross-section 
observation was performed, within the base material near the interface, disappearance of a 
strengthening phase (gamma* phase) was accepted and the brittle generation phase which consists of 
Cr-W ftirther was observed. 

[0062] To the front face of the round bar ingredient which consists of example 6nickel radical 
superalloy CM-247, it is abbreviation. It is thickness by EB-PVD in a 1 Pa oxygen ambient 
atmosphere. 8 micrometers The Ti-Nb layer was formed. Subsequently, it is 80 micrometers in 
thickness within the same chamber. The NiCoCrAlY layer (an example 1 and this presentation) was 
formed, and the metallic-coating layer was formed. Furthermore on it, it is EB-PVD. Y2 O 3 
Stabilization Zr02 Layer 250 micrometers It formed by thickness. Above Place which measured the 
amount of oxygen in a Ti-Nb layer It was 10at%. 

[0063] Thus, 1 173K after heat-treating on the same conditions as an example 1 to the obtained heat- 
resistant member When the creep test was performed under the stress of 250MPa(s), fracture was not 
seen even if held for 100 hours. Moreover, when this sample was cut and cross-section observation 
was performed, it is from a base material side. It existed in order of the Ti-Nb-O layer and the 
NiCoCrAlY layer. 

[0064] Moreover, it is this presentation directly by EB-PVD as an example of a comparison with this 
invention to the front face of the round bar ingredient which consists of nickel radical superalloy 
CM-247. A NiCoCrAlY layer is formed and it is on it fiirther. Y2 03 Stabilization Zr02 In the 
sample in which the layer was formed, it heat-treated on the same conditions as the above-mentioned 
example 6. When the creep test of the sample after this heat treatment was performed under the same 
conditions, it fractured after 90-hour progress. When this sample was cut and cross-section 
observation was performed, within the base material near the interface, disappearance of a 
strengthening phase (gamma' phase) was accepted and the brittle generation phase which consists of 
Cr-W fiirther was observed. 

[0065] To the front face of the round bar ingredient which consists of example 7nickel radical 
superalloy CM-247, it is 20 micrometers in thickness by the low-pressure-plasma-spraying method 
in about lOPa reduced pressure atmospheric air. The Nb-30at%nickel layer was formed. The oxygen 
tension in the thermal-spraying ambient atmosphere in this case is abbreviation. It is 4Pa. 
Subsequently, it is thickness within the same chamber. 100 micrometers NiCoCrAlY The layer (an 
example 1 and this presentation) was formed, the above-mentioned Nb-30at% — the place which 
measured the amount of oxygen in nickel layer — 5at% ~ it was. 

[0066] Thus, 1 123K after heat-treating on the same conditions as an example 1 to the obtained heat- 
resistant member When the creep test was performed under the stress of 300MPa(s), fracture was not 
seen even if held for 100 hours. Moreover, when this sample was cut and cross-section observation 
was performed, it is from a base material side. A Nb-nickel-O layer and aluminum 203 It existed in 
order of the layer and the NiCoCrAlY layer. 

[0067] Moreover, it is thickness by EB-PVD as an example of a comparison with this invention to 
the front face of the round bar ingredient which consists of nickel radical superalloy CM-247. 2 
micrometers aluminum 203 A layer is formed and they are an example 7 and this presentation 
fiirther. In the sample which formed the NiCoCrAlY layer, it heat-treated on the same conditions as 
the above-mentioned example 7. When the creep test of the sample after this heat treatment was 
performed under the same conditions, it fractured after 80-hour progress. When this sample was cut 
and cross-section observation was performed, it is alimiinum 203. The interface and aluminum 203 
of a layer and a base material Layer It turned out that exfoliation has arisen from the interface with a 
NiCoCrAlY layer, and this exfoliation causes fracture. 

[0068] example 8nickel radical superalloy IN738 from ~ the becoming base material ~ the 
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dimension of 20x20x3 mm — processing it — the front face — a nickel- 10%Co-17%aluminum alloy 
(% of the weight) - as a themial-spraying raw material - using - a low-pressure-plasma- spraying 
method — 50 micrometers in thickness The diffusion barrier layer was formed. Subsequently, it is 
thickness on this diffusion barrier layer. 150 micrometers Covering formation of the NiCoCrAlY 
layer (nickel-23%Co-17%Cr-12%aluminum-0,5%Y (% of the weight)) was carried out by the low- 
pressure-plasma-spraying method. The above-mentioned diffusion barrier layer is a rate of the 
volume. It had 71% of nickelB aluminum phase. Moreover, rate of the volvmie of the nickelB 
aluminum phase in a base material It was 52%. 

[0069] moreover, nickel radical superalloy IN738 into which the above-mentioned example 8 and 
this dimension were processed as an example of a comparison with this invention from ~ the 
becoming base material front face — the above-mentioned example 8 and this presentation a 
NiCoCrAlY layer ~ thickness 200 micrometers Direct covering formation was carried out. 
[0070] Each of these samples It was exposed to the oxidation test in atmospheric air of 1 173Kx 
5000h. As a result of observing the cross section of each sample by SEM after a trial, at the sample 
of the example of a comparison, it is 36 micrometers from a front face. At the sample by the example 
8 although the oxide layer was growing by thickness, it is 13 micrometers. It was extent. Moreover, 
when gazed at the organization of a NiCoCrAlY layer, it was the configuration that the Ni Al phase 
deposited in the matrix phase which all uses nickel as a principal component in an initial state with 
sufficient aluminum concentration, but after heat treatment, by the sample of the example of a 
comparison, as a result of spreading aluminum in a base material side by heat treatment, the NiAl 
phase had disappeared completely. - Although aluminum was consumed by generation of an oxide 
near the front face of a NiCoCrAlY layer by the sample of a way and an example 8 and the NiAl 
phase had disappeared, it is 23 micrometers from a front face. It turned out like the first stage that it 
consists of nickel and a NiAl phase and the above interior has diffusion depressor effect with the 
sufficient diffusion barrier layer by this invention, furthermore, the place which measured the 
thickness of the different-species phase in a base material — sample of the example of a comparison 
127 micrometers it was ~ a thing — receiving — the sample of an example 8 — 23 micrometers It 
turned out that it has become and the diffusion barrier layer by this invention contributes also to 
suppression of a fall of a base material on the strength effectively. 

[0071] example 9nickel radical superalloy IN738 from ~ the becoming base material - the 
dimension of 20x20x3 mm - processing it - the front face - a nickel- 10%Co-17%aluminum alloy 
(% of the weight) - as a thermal-spraying raw material - using - a low-pressure-plasma-spraying 
method — 20 micrometers in thickness The diffusion barrier layer was formed. Subsequently, it is 
thickness on this diffusion barrier layer. 100 micrometers Covering formation of the NiCoCrAlY 
layer (an example 8 and this presentation) was carried out by the low-pressure-plasma-spraying 
method. Furthermore, it is on the maximum front face. Zr02-8wt%Y2 O 3 200 micrometers 
Covering formation was carried out. Rate of the volume of the nickel3 aluminum phase in a base 
material It is 55% and is the rate of the volume of the nickeB aluminum phase of a diffusion barrier 
layer. It was 74%. moreover, nickel radical superalloy IN738 into which the above-mentioned 
example 9 and this dimension were processed as an example of a comparison with this invention 
from — the becoming base material front face — the above-mentioned example 9 and this 
presentation a NiCoCrAlY layer - thickness 100 micrometers direct covering formation - carrying 
out - further ~ the maximum front face Zr02-8wt%Y2 O 3 200 micrometers Covering formation 
was carried out. 

[0072] These samples It was exposed to the oxidation test in atmospheric air of 1 173Kx 5000h. As a 
result of observing the cross section of each sample by SEmu after a trial, it is at the sample of the 
example of a comparison. It is 28 micrometers from an interface with a ceramic layer to the interior 
of a NiCoCrAlY layer. Although the oxide layer was growing by thickness, it is at the sample of an 
example 9. 9 micrometers It was extent. Moreover, when gazed at the organization of a NiCoCrAlY 
layer, it was the configuration that the NiAl phase deposited in the matrix phase which all uses nickel 
as a principal component in an initial state with sufficient aluminum concentration, but after heat 
treatment, by the sample of the example of a comparison, as a result of spreading aluminum in a base 
material, the NiAl phase had disappeared completely. - Although aluminum was consumed by 
generation of an oxide near the interface of a ceramic layer / NiCoCrAlY layer and the NiAl phase 
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had disappeared by the sample of a way and an example 9, it is 13 micrometers from an interface. It 
turned out that it consists of nickel and a NiAl phase like the first stage inside above, and has 
diffusion depressor effect with the sufficient diffusion barrier layer of this invention, fiirthermore, 
the place which measured the thickness of the different-species phase in a base material — example 
of a comparison 108 micrometers it was — although — an example 9—16 micrometers It tumed out 
that it has become and the diffiision barrier layer of this invention contributes also to suppression of 
a fall of a base material on the strength effectively. 

[0073] The base material which consists of example 10 single-crystal nickel radical superalloy 
CMSX-2 is processed into the dimension of 20x20x3 mm, a nickel- 15%aluminum-17%Cr alloy (% 
of the weight) is used for the fi-ont face as a thermal-spraying raw material, and it is 20 micrometers 
in thickness with a low-pressure-plasma-spraying method. The diffusion barrier layer was formed. 
Subsequently, it is 80 micrometers in thickness about a CoNiCrAlY layer (Co-32%nickel-21%Cr- 
8%aluminum-0.5%Y (% of the weight)). Covering formation was carried out. In this sample 
1323Kxl6h+l 123Kx48h It heat-treated. Although the parent phase (NiAl phase) deposited by 
making gamma phase (nickel solid solution) into a matrix also with each enveloping layer as a result 
of SEmu observation of a cross section, it is the rate of the volume of this parent phase. In a 
CoNiCrAlY layer, it is at 44% and a diffiision barrier layer. It was 69%. Moreover, it consists of a 
gamma phase and a gamma* phase (nickeB aluminum phase), and a base material is the rate of the 
volume of gamma' phase. It was 52%. 

[0074] Moreover, the sample was produced in the same process as an example of a comparison with 
this invention except not forming a nickel-aluminum-Cr layer in the middle. The phase configuration 
in each part of this sample and a CoNiCrAlY layer are a rate of the volume in gamma phase matrix. 
Having 46% of parent phase, a base material is a rate of the volume in gamma phase. It had 56% of 
gamma* phase. 

[0075] Each [ these ] sample 1 173Kx5000h The oxidation test in quiescence atmospheric air was 
presented. As a result of performing cross-section observation of each sample after a trial, by the 
sample of the example of a comparison, a parent phase disappears completely fi^om an enveloping 
layer, and a scaling layer is also 37 micrometers from a front face. It was growing up to thickness, on 
the other hand - the sample of an example 10 - the parent phase in a CoNiCrAlY layer - an 
interface with a diffiision barrier layer to 14 micrometers ****** — although it had disappeared — 
the other part ~ remaining ~ scaling object layer thickness 5 micrometers It was controlled by 
extent. It is in ** to have the effectiveness that the diffiision barrier layer of this invention carries out 
long duration continuation of the oxidation resistance, from the above result. 

[0076] A nickel- 14%aluminum alloy (% of the weight) is used for the front face of the base material 
which consists of example 1 1 nickel radical superalloy IN-738LC as a thermal-spraying raw material 
on the front face, and it is 20 micrometers in thickness with a low-pressure-plasma-spraying method. 
The diffiision barrier layer was formed. Subsequently, it is thickness about a NiCoCrAlY layer (the 
same presentation as an example 8). 120 micrometers Covering formation was carried out. 
Moreover, the sample of the same configuration was produced as an example of a comparison with 
this invention except not forming a diffiision barrier layer. In then, these samples 
1393Kx2h+l 123Kx24h It heat-treated. 

[0077] SEM observation of the cross section of each sample was performed after heat treatment, and 
the phase configuration like each part was investigated. Consequently, as for a base material, an 
example and the example of a comparison consist of a gamma+gamma * phase, and an example the 
rate of the volume of gamma' phase The example of a comparison 42% It was 44%. Moreover, as for 
a NiCoCrAlY layer, which sample consists of gamma+ parent phases, and an example the rate of the 
volume of a parent phase The example of a comparison 5 1% It was 49%. The diffiision barrier layer 
in an example makes gamma phase a matrix, and is a rate of the volume. It had become the 
configuration that 73% of gamma' phase deposited. 

[0078] Each sample by these examples and the example of a comparison The oxidation test in 
atmospheric air of 1 173Kx 5000h was presented, the result of having done SEmu observation of the 
cross section of each sample after the trial — example of a comparison the parent phase in a 
NiCoCrAlY layer ~ from a base material interface 100 micrometers up to — perfect — disappearing - 
- moreover, rate of the volume of the remainder It had become 1 1% or less. The oxidation resistance 
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of this enveloping layer falls remarkably by disappearance of aluminum, and is 12 micrometers from 
a front face. The scaling film was growing to thickness, on the other hand ~ the sample by the 
example — a diffusion barrier layer to 14 micrometers although the parent phase had disappeared to 
thickness — the remainder ~ parent phase 46% or more -- existing — carrying out --**** — such 
anti-oxidation effectiveness — a surface oxide layer — 3 micrometers up to ~ **** — it was not 
growing up. The above result showed that the diffusion prevention layer of this invention had 
effectiveness in oxidation-resistant long duration maintenance. 

[0079] example 12Co radical superalloy FSX-414 from - the front face of the becoming base 
material ~ a Co-17%Cr-24%aluminum alloy (% of the weight) ~ as a thermal-spraying raw material 
— using — a low-pressure-plasma-spraying method — 23 micrometers in thickness The diffusion 
barrier layer was formed. Subsequently, it is thickness about a CoNiCrAlY layer (the same 
presentation as an example 10). 130 micrometers Covering formation was carried out. Moreover, the 
sample of the same configuration was produced as an example of a comparison with this invention 
except not forming a diffiision barrier layer. In then, these samples 1423Kx4h+l 198K xlOh+813ICx 
24h was heat-treated. The result of having gazed at the cross-section organization of each [ these ] 
sample by SEmu, and having investigated the configuration of each class, as for a CoNiCrAl Y layer, 
an example and the example of a comparison consist of a gamma phase (Co solid solution) matrix 
and a parent phase (CoAl phase), and the rate of the volume of a parent phase is at an example. In 
47% and the example of a comparison It was 43%. Moreover, a diffusion barrier layer also consists 
of a gamma phase and a parent phase, and it is the rate of the volume of a parent phase. It was 72%. 
[0080] each of these samples 1 173Kx5000h the result with which the oxidation test in quiescence 
atmospheric air was presented — sample of the example of a comparison the parent phase in a 
CoNiCrAlY layer ~ perfect ~ disappearing ~ a surface oxide layer ~ 25 micrometers up to - it was 
growing up. - sample of a way and an example the parent phase of a CoNiCrAlY layer — a diffusion 
barrier layer interface to 17 micrometers up to — although it had disappeared ~ the remainder 38% or 
more — existing — **** — moreover, surface oxide layer 7 micrometers up to — **** — it was not 
growing up. 

[0081] A nickel- 1 3 %aluminum alloy (% of the weight) is used for the front face of the base material 
which consists of example 13 single-crystal nickel radical superalloy CMSX-2 as a thermal-spraying 
raw material, and it is 23 micrometers in thickness with a low-pressure-plasma-spraying method. 
The diffiasion barrier layer was formed. It ranks second. It is thickness about a NiCoCrAlY layer (the 
same presentation as an example 8). 120 micrometers Covering formation was carried out. On 
furthermore, this front face Zr02-8wt%Y2 O 3 It is thickness with an atmospheric-air plasma metal 
spray method about a layer. 230-micrometer covering formation was carried out. moreover, as an 
example of a comparison with this invention, the sample (however, a NiCoCrAlY layer — thickness 
[ ] - thickness [ ] (130 micrometers and Zr02-8wt%Y2 O 3 layer) ~ it could be 240 micrometers) of 
the same configuration was produced except not forming a diffusion barrier layer. The result of 
SEmu observation of the cross section of each [ these ] sample, a NiCoCrAlY layer consists of a 
gamma phase (nickel solid solution) and a parent phase (NiAl phase), and the rate of the volume of a 
parent phase is at an example. In 53% and the example of a comparison It was 50%. Moreover, a 
base material consists of a gamma phase and a gamma* phase (nickel3 aluminum phase), and the rate 
of the volume of gamma' phase is at an example. In 61% and the example of a comparison It was 
59%. It consists of a gamma phase and a gamma' phase, and a diffiision barrier layer is the rate of the 
volume of gamma' phase. It was 87%. Each [ these ] sample 1 173Kx5000h The oxidation test in 
quiescence atmospheric air was presented, the result of having performed SEM observation of a 
cross section afl:er the trial ~ example of a comparison the parent phase in a NiCoCrAlY layer — a 
base material interface to 90 micrometers up to ~ it disappears completely — Zr02 An interface with 
a layer to 14 micrometers The oxide layer formed to thickness, on the other hand — the sample of an 
example — the parent phase in a NiCoCrAlY layer — a diffusion prevention layer interface to 17 
micrometers up to ~ **** ~ not disappearing — the remainder — 19% The parent phase remained at 
the above rate of the volume, moreover — Zr02 Also oxide layer thickness by the side of an interface 
with a layer 3 micrometers With extent, oxidation resistance was markedly alike and is improved. 
[0082] A nickel- 17%Ti-5%aluminum alloy (% of the weight) is used for the front face of the base 
material which consists of example 14 single-crystal nickel radical superalloy CMSX-2 as a thermal- 
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spraying raw material, and it is 25 micrometers in thickness with a low-pressure-plasma-spraying 
method. The diffusion barrier layer was formed. Subsequently, it is thickness about a NiCoCrAlY 
layer (the same presentation as an example 8). 130 micrometers Covering formation was carried out. 
On furthermore, the front face Zr02-8wt%Y2 O 3 It is 210 micrometers in thickness with an 
atmospheric-air plasma metal spray method about a layer. Covering formation was carried out. 
Moreover, the sample of the same configuration was produced as an example of a comparison with 
this invention except not forming a diffusion barrier layer. In each [ these ] sample 
1323Kxl6h+l 123Kx48h After heat-treating, as a result of performing SEmu observation of a cross 
section, a base material consists of a gamma phase (nickel solid solution) and a gamma* phase 
(nickels aluminum), and the rate of the volume of gamma* phase is at an example. In 55% and the 
example of a comparison It was 54%, Moreover, a NiCoCrAlY layer consists of a gamma phase and 
a parent phase, and the rate of the volume of a parent phase is at an example. In 43% and the 
example of a comparison It was 46%. Furthermore, a diffusion barrier layer consists of a gamma 
phase and an eta phase (nickel3 Ti phase), and is the rate of the volume of eta phase. It was 74%. 
[0083] Each of these samples 1 173Kx5000h The oxidation test in quiescence atmospheric air was 
presented. As a result of performing SEM observation of a cross section after a trial, it is at the 
sample of the example of a comparison. The parent phase in a NiCoCrAlY layer disappears 
completely. Zr02 an interface with a layer — 19 micrometers the oxide layer formed — receiving ~ 
sample of an example the parent phase in a NiCoCrAlY layer - a diffusion barrier layer interface to 
13 micrometers ******, although it had disappeared By the other part It remains 12% or more and is 
a pan. Zr02 Also oxide layer thickness by the side of an interface with a layer 4 micrometers It was 
extent. This invention became clear [ having effectiveness in oxidation-resistant maintenance ] from 
the above result. 
[0084] 

[Effect of the Invention] since exfoliation between each class etc. can be prevented while according 
to the heat-resistant member of this invention carrying out long duration maintenance of 
anticorrosion and the oxidation resistance and being able to control the fall of the high temperature 
strength of a base material, as explained above, it becomes possible to boil the dependability and the 
Ufe of a heat-resistant member markedly, and to raise them. It follows, for example, even if it is 
vmder thermal stress, oxidation, and the environment where corrosion is overlapped further and it 
acts, like a gas turbine aerofoil, the heat-resistant member which can maintain anticorrosion, the 
outstanding oxidation resistance, and outstanding high temperature strength over a long time can be 
offered. 
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* NOTICES * 

iTPO emd NCI PI are not: responsible for any 
damages caused by tJie use o£ this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the sectional view showing 1 operation gestalt of the 1st heat-resistant member of 
this invention. 

[Drawin g 2] It is the sectional view showing the condition or real busy condition of a heat treatment 
word of the heat-resistant member shown in drawing 1 . 

[Drawin g 3] It is the sectional view showing the condition of having carried out covering formation 
of the ceramic layer in the heat-resistant member shown in drawin g 1 . 

[Drawing 4] It is the sectional view showing 1 operation gestalt of the 2nd heat-resistant member of 
this invention. 

[Dravsdng 5] It is the sectional view showing the condition of having carried out covering formation 
of the ceramic layer in the heat-resistant member shown in drawing 4 . 
[Description of Notations] 
111 .... Metal base 

2 .... Metal layer which dissolves oxygen and nitrogen 

3 13 .... M-Cr-aluminum-Y alloy layer 
4, 7, 14, 16 .... Heat-resistant member 

5 .... An oxide or nitrides, such as aluminum 
12 .... Diffusion barrier layer 
15 .... Ceramic layer 
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DRAWINGS 



[Drawing 1] 
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